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NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on behalf 
of NASA: 

A,) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulnesss of the information contained in the re- 
port, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 

B.) Assumes any liabilities with respect to the use of, or 
for damages resulting from the use of any information, 
apparatus, method or process disclosed in this report. 

As used above, "person acting on behalf of NASA" includes any 
employee or contractor of NASA, or employee of such contractor, 
to the extent that such employee or contractor of NASA, or em- 
ployee of such contractor prepares, disseminates, or provides 
access to, any information pursuant to his employment or contract 
with NASA, or his employment with such contractor. 

Requests for copies of this report should be referred to 

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, D. C.  20546 
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Development of 
HIGH-TEMPERATURE, HIGH-CURRENT, ALKALI-METAL 

VAPOR-FILLED CERAMIC THYRATRONS AND RECTIFIERS 

by A. W. Coolidge 
General Elec t r ic  Company 

SUMMARY 

The purpose of the National Aeronautics and Space Administration 
Contract NAS3-6005 is to advance the technology and to provide fundamental 
de sign data for high- temperature,  high- current ,  alkali-metal  , vapor -type 
ceramic  tubes. The objectives of this program a r e  to conduct a fundament- 
al investigation of the problem a reas  associated with high-temperature, 
vapor-type tubes, and to fabricate and tes t  prototype rect i f iers  and thyra- 
t rons  to prove the technology and to provide application data for  future  
reference.  Phase I of this program is concerned with the investigation of 
the fundamental problems and the establishment of the conceptual design 
of prototype models. 

During the reporting period, work was completed on devices filled 
with alkali halides. 
respec t  to the relation between tube drop and cathode temperature .  
the evaluation of inverse anode current  was continued. Hafnium coated and 
zirconium-carbide coated anodes a r e  compared to b a r e  molybdenum anodes 
and rubidium vapor is compared to cesium. 

In addition, cesiated cathode emission was studied with 
Also 

Consideration is  given to mater ia ls  other than cesium that might 
provide a suitable vapor pressure  and low a r c  drop for  high-temperature 
tubes. Finally the use of thoriated tungsten as a cathode mater ia l  
temperature  tubes is discussed. 

r high- 

/@ 
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INTRODUCTION 

Testing has been completed on devices filled with cesium iodide. A 
brazing alloy of palladium and cobalt demonstrated superior res is tance to 
attack f rom exposure to cesium-iodide vapor. Cathode emission was ob- 
served in the device although the tube drop was high. 

Two new anode mater ia ls ,  hafnium and zirconium carbide, were com- 
pared to molybdenum with respect to inverse emission characterist ics.  
tube was made with a rubidium fill instead of a cesium f i l l .  
(rubidium) tube drop was higher, the inverse anode-voltage limitations were 
practically identical to those for cesium-filled tubes. 

A 
Although the 

Three thallium-filled devices were built. A fa i r  evaluation of thallium, 
however, has not been made because of mechanical problems in the devices. 

A thoriated-tungsten feasibility tube has been designed and a sample 
is  presently under construction. 

2 



PUBLLCATIONS, LECTURES, REPORTS AND CONFERENCES 

PUBLICATIONS - None 

LECTURES - None 

REPORTS 

1. Monthly P r o g r e s s  Report No. 5 
Per iod Covered: 
Author: A. W. Coolidge 

19 December 1964 through 18 January 1965 

2.  Monthly P rogres s  Report No. 6 
Per iod Covered: 
A.ut,hor: A. W .  Coolidge 

19 January 1965 through 18 February  1965 

CONFERENCES 

1. Organizations represented 
National Aeronautics and Space Administration 

Missile Space Division, General Electr ic  Company 

Microwave Tube Business Section, General  Electr ic  Company 

E. A. Koutnik 

R. Edwards 

E. A. Baum 
A. W.  Coo:idge 
A. Michaelson 
R. P. Watson 

Place and da%c: Geqeral Electr ic  Company, Schenectady, New York, 

Subject: 
December 1 7 ,  1964 

Review technical progress  on this project 

2 .  Organizations represerited 
National Aeronabtics and Space Administration 

E. A. Koutnik 
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Microwave Tube Business Section, General  Electr ic  Company 
E. A. Baum 
A. W. Coolidge 
N.  D. Jones 
A.  Michaelson 
D. L. Schaefer 

Place and date: General E l - c t r i c  Compan 
February 8,  1965 

henectady, New York, 

Subject: Review technical progress  on this project. 
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TECHNICAL DISCUSSION AND PROGRESS 

ALKALI HALIDES 

Testing was completed on two 2 -7009  tubes ( 5  and 6) filled with 
cesium iodide. 
sea ls  while tube 6 was fabricated with nickel-titanium brazed sea ls ,  the 
seal  a r e a  being covered by a layer of nickel plating. 

Tube 5 was fabricated with Palco (palladium-cobalt) brazed 

Tube 5 was subjected to four  temperature cycles over a period of a 
week. 
The impedance of the tube always decreased as the temperature was in- 
creased (it is  felt that this apparent change in impedance was caused by a 
slight thermionic converter action, since a negative voltage as high as 0 .4  
volt open circuit  appeared at the anode). Some cathode emission was ob- 
served, although only with a high tube drop of about 50 volts at 5 amperes  
peak. The cold impedance of the tube at the present  t ime is 1. 3 megohms. 
While this is a significant reduction f rom the original impedance, it is 
several  o rde r s  of magnitude better than comparable tubes made with nickel- 
titanium brazing compound. 

The initial impedance across  the tube was greater  than 20 megohms. 

Nickel plating was found to  be inadequate in protecting against form-  

Although the cold impedance of tube 6 was initially 18, 000 ohms, 
ation of a halogen cycle in the presence of nickel-titanium brazing com- 
pound. 
the impedance fell precipitously during tes t  to a fraction of an ohm. 

CESIATED CATHODE EMISSION 

The previous quarterly report gave data on a r c  drop versus  current  
Both tubes, which were of the design shown for the 2 - 7 0 0 9  tubes 2 and 3. 

in Figure 1, contained a molybdenum cathode and cesium fill. 
temperature varied f rom 1150 to  145OoC and, indeed, at  the higher cathode 
temperatures  there was enough thermionic converter action to cause the 
a r c  drop to be negative. 

Cathode 

On another 2-7009  (tube 7) of s imilar  design (except for i t s  anode 
surface which will be discussed in a la ter  section), cesiated emission data 
was taken over a range of cathode temperatures  that extended downward 
until the tube drop increased to more than 10 volts, Figure 2 .  It can be 

5 
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Figure 2 - Peak Drop versus Cathode Temperature ,  2 - 7 0 0 9  Tube 7 
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seen that there is little change in tube drop a s  the cathode temperature  is 
lowered f rom 1300 to 90OoC. Thus, f rom the standpoint of efficiency it 
would be wasteful to provide the extra  power needed to heat  the cathode to 
a temperature  of 1200 to 1300 C. 0 

A reasonable analysis of efficiency may be made by 

1. Measuring the relation of heater power to cathode temperature,  
which constitutes an external power loss  

2. Calculating an internal power loss f r o m  the curve of Figure 2, 
multiplied by an assumed average current  of fifteen amperes  
(the Phase I current  level objective) 

3. Obtaining the total power loss  which is equal to the sum of the 
internal and external losses.  

F igure  3 exhibits, as a function of cathode temperature ,  the component 
and total losses .  
of operation occurs  a t  a cathode temperature of 800 C. In practice,  it 
would probably be best  to operate the cathode at about 90OoC. 
allow for  variations between tubes, a s  well as for  electron cooling at  the 
cathode, which produces a power loss  of Ib ( W . F .  t 2KT/e) 

As can b e  seen f r o m  Figure 3,  the most  efficient point 
0 

This would 

where W .  F. = work function of the cathode in volts 

K = Boltzman constant 

-23 
= 1.3708 x 10 watt-second/degree K 

T = cathode temperature in degrees  K 

e = charge of electron = 1. 590 x 10 coulomb -19 

Since the 2KT/e term is only about 0. 1 volt in  magnitude, it may be 
neglected without ser ious results,  yielding Ib(W. F. ) a s  the approximate 
power loss  due to electron cooling. 

GRID AND INVERSE EMISSION 

Successful thyratron operation requires  that the gr id  emission and 
If one o r  the other element is  the anode emission be held to low values. 

not a poor emit ter ,  the tube will not hold off voltage in the forward o r  the 
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r eve r se  direction. 
design and the impressed voltage ac ross  the tube. 
tubes studied, there  a r e  indications that the tube will not be capable of 
holding off 1000 volts inverse if  the anode is  capable of emitting as much 
a s  a fraction of a microampere per square centimeter. 

The crit ical  current  for breakdown is a function of tube 
In the cesium-filled 

The second quarterly report discussed the effect of the substrate 
work function on the work function of a cathode covered with a thin layer  of 
cesium. 
of 3.0 would appear to be the best mater ia l  for  an anode or  a grid. 

As shown in Figure 4, a substrate mater ia l  having a work function 

Two new anode mater ia ls  having work functions near  3 . 0  were chosen 
for evaluation and were studied. These mater ia l s ,  zirconium carbide and 
hafnium, were applied to molybdenum anodes by means of a plasma spray- 
ing process .  

The 2-7009 tube 7 contained the zirconium-carbide anode and was of 
The relation of inverse voltage to anode temperature  Design A ,  Figure 1. 

is given in Figure 5; the improvement over bare  molybdenum was negligible. 
It was noticed during tes t ,  however, that breakdown was occurring between 
the tantalum seal  flanges inside the tube. Because the anode flange temper-  
a ture  is  essentially the same as the anode temperature and because tantalum 
has  ahigh work function, a s  does molybdenum, it is  possible that zirconium 
carbide did not receive a fair test in  tube 7. 

To guard against spurious breakdown between seals ,  tube 14 was 
The inner diameter 

Test  
made with a thin alumina wafer guard ring (Figure 6). 
of the guard ring was just  a few mils  l a rge r  than the anode diameter. 
resul ts  on tube 14 (Figure 7 )  were even poorer than those of tube 7. 

The 2 - 7 0 0 9  tube 8 was identical in design to tube 14, except that the 
anode was coated with hafnium. A degradation in inverse-voltage capability, 
a s  a resul t  of thermal  emission, occurred at an anode temperature of 410 C, 
F igure  8. This compares with a corresponding anode temperature of 380 C 
f o r  the case of an uncoated molybdenum anode. Tube 8 was studied through 
a cesium reservoi r  temperature range of 300 to 125 C,  corresponding to a 
p re s su re  range of 1200 to 3 microns. 
was an improvement in the inverse-voltage character is t ic  since 560 volts 
inverse could be sustained at  an anode temperature  of 620 C. 
academic interest  only since the cathode emission is res t r ic ted to very low 
cur ren t  levels when the cesium pressure  is  low enough to permit  this gain. 

0 

0 

0 

At the low end of the range, there  

This is  of b 
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The other alkali metals,  rubidium, potassium, sodium and lithium 
and the alkali ear ths  barium, strontium and calcium, like cesium, have 
the capacity, of lowering the work function of a substrate mater ia l  when 
they a r e  deposited on the substrate in the f o r m  of a thin film. 
cesium has the lowest work function and the lowest ionization potential of 
all the alkali metals ,  it was fe l t  that a different alkali metal  might produce 
a l e s s  efficient emitter and result in a tube whose anode emission was lower 
a t  a given temperature.  
efficient cathode with an anode that could be raised to a higher temperature  
before the advent of inverse voltage breakdown. 

Because 

This presented the possibility of coupling a l e s s  

The 2 - 7 0 0 9  tube 15 was made with a rubidium f i l l  and yielded the 
emission versus  reservoi r  temperature and the cathode temperature data 
shown in F igures  9 and 10, respectively. A comparison between Figures  2 
and 10 indicates that the rubidium tube has  l e s s  efficient cathode emission 
but its inverse-voltage characterist ic (Figure 11) i s  not improved over that 
obtained with a cesium-fill tube. 
is planned with rubidium o r  with any of the other alkali metals.  

Because of these resul ts ,  no further work 

Sufficient data is  available for estimating the maximum ambient o r  
heat-sink temperatures  to which alkali-vapor tubes might be used. 
maximum heat-sink temperature is considered to  be the maximum permis-  
sible electrode temperature less  the thermal  drop between the electrode and 
the heat sink. 
case of a 15-ampere tube, where anode dissipation might be in the order  of 
100 watts, it was computed that the thermal  drop could be held to about 100 G. 
Thus the maximum heat-sink temperatures for the various combinations of 
anode and f i l l  mater ia l  studied are  given below and summarized in  Figure 13. 

The 

F o r  a s t ructure  of the type shown in Figure 12 and for  the 

0 

1. 

2.  

3 .  

4. 

Combination Heat-Sink Temperature 
(OC) 

Molybdenum anode, 280 
cesium f i l l  

Zirconium carbide 240 
anode, cesium f i l l  

Hafnium anode, 3 10 
cesium f i l l  

Molybdenum anode 240 
rubidium f i l l  
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Because the preceding heat-sink temperatures  a r e  so far removed 
0 f r o m  the objective heat-sink temperature of 600 C, it appears necessary 

to r e so r t  to a prepared cathode wi th  lower efficiency, such as a bar ium or  
thoriated-tungsten cathode , and a fi l l  mater ia l  other than an alkali metal. 
These aspects a r e  discussed in later sections. 

OTHER VAPOR-FILL MATERIALS 

In seeking potentially useful vapor - f i l l  mater ia ls  other than the alkali 
metals o r  compounds, the prerequisite condition i s  that the mater ia l  under 
consideration must have a vapor pressure  between 
temperature range of 600 to 800 C. Four potential mater ia ls  a r e  shown in  
Figure 14. 
ionization potential and compatibility. 
elements depicted in Figure 14 are  a s  follows: 

and 1 T o r r  in the 
0 

Two other important requirements for these mater ia ls  a r e  
The ionization potentials for the 

Thallium 
Lead 
Bismuth 
Antimony 

6. 1 volts 
7.4 
8 .0  
8 . 5  

In each case,  the tube drop is expected to be about a volt higher than the 
ionization potential. 

The compatibility of the above metals with other mater ia ls  commonly 
used in high-temperature tubes cannot be completely predicted. Phase dia- 
grams or the constitution of binary alloys (insofar as such information is 
available) can be used a s  a guide to the compatibility problem but, a s  in the 
case of cesium, actual compatibility cannot be established without long- 
t e r m  testing. 

Three attempts have been made to build a thallium-filled tube with a 
bar ium-system cathode but no test data has  been gained because of accidents 
to two tubes and an incompatibility problem in the third tube. 

The 2 - 7 0 0 9  tube 10, which was of Design C construction (Figure 15), 
contained a thallium reservoi r  in the tubulation at  a point about s ix  inches 
away f rom the anode. 
and arced to the tubulation, since there  was evidence of melting and the 
tube became a leaker at this point. 

It is possible that the reservoi r  heater burned out 

22 
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The 2-7009 tube 13 was similar to tube 10. However, in tube 1 3  
the reservoir  was located closer to the anode so that l e s s  external heating 
would be required to maintain the reservoi r  at about 800 C. 
successfully exhausted and pinched off, but it became a leaker because of 
thallium attack on the platinum conductors leading through the cathode 
header. 

0 This tube was 

The 2 - 7 0 0 9  tube 11 was made in accordance with Design B (Figure 16), 
except that the shield just  inside of the ceramic insulator was omitted. 
cathode was a porous tungsten disc permeated with a barium-aluminate 
compound. 
on exhaust with a f i l l  of xenon. 
became a leaker.  
may have been caused by a localized breakdown during operation with xenon. 

The 

In order  to prepare and age the cathode, this tube was operated 
After cooling and before pinch-off, the tube 

Subsequent inspection revealed a cracked ceramic which 

More devices a r e  planned so that thallium and the other eligible ma-  
te r ia l s  may be evaluated. 

CATHODE 

The second quarter ly  report presented the following list of possible 
cathode and f i l l  combinations in order  of descending efficiency: 

Cathode Fill 

1. Cesiated refractory metal Cesium (high pressure)  

2. Barium 

3. Barium 

4. Thoriated tungsten 

Cesium (low pressure)  

Thallium o r  equivalent 

Cesium (low pressure)  

5. Thoriated tungsten Thallium o r  equivalent 

6. Tungsten 

7. Tungsten 

Cesium (low pressure)  

Thallium o r  equivalent 

Because of the previously described temperature res t r ic t ions attending the 
use  of alkali metals ,  this l is t  may now be reduced. 
combinations of cathode and vapor f i l l  for use in a tube in a 600 C environ- 
ment a r e  as follows: 

The remaining possible 
0 
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Figure 16 - Schematic of Test  Vehicle, Design B 
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Cathode Fill 

1. Barium Thallium o r  equivalent 

2. Thoriated tungsten Thallium o r  equivalent 

3. Tungsten Thallium o r  equivalent 

Gas-filled tubes with barium cathodes a r e  being studied under another 
contract (NAS3-6469). Tubes made with barium cathodes and graphite 
anodes have been o erated successfully to 1200 volts inverse in an ambient 
temperature of 800 C. P a r t  of the purpose of Contract NAS3-6469 is to 
prove that such devices may be operated with stability over periods of 
several  thousand hours. F o r  the bar ium cathode tube, a cri t ical  t ime 
a r r ives  when enough barium has evaporated f rom the cathode to provide 
bar ium vapor p re s su re ,  which is  determined only by the temperature of 
bar ium condensate at  the coolest par t  of the tube. 
bar ium vapor pressure  i s  about six microns and at that p re s su re  the ra te  
of a r r iva l  of bar ium atoms at electrode surfaces within the tube is  high. 
Thus suppression of grid and inverse anode emission will depend upon the 
maintenance of high work function surfaces.  

8 

At 6OO0C the equilibrium 

Because i t  is not certain that a high-temperature tube using a barium 
cathode can be achieved successfully, and to avoid duplication of effort, it 
is suggested that work be concentrated on thoriated tungsten, the most 
efficient cathode system below barium. It is  believed that ultimately both 
vapor and the gas tubes can use the most efficient successful cathode whether 
it is bar ium o r  thoriated tungsten. 

As a first step in the evaluation of thoriated tungsten, a feasibility 
tube has  been designed. 
fits closely to a thoriated-tungsten cathode mounted on the bottom end of a 
GL-6942 transmitting tube. The anode-cathode portion of the tube, l e s s  the 
bottom-end supports and seals ,  is shown schematically in Figure 17. The 
cathode has  an a r e a  of 2 square centimeters and is capable of about 5 
amperes  average current.  The tube has  been designed so that the anode 
temperature  is about 1000 C when the cathode is at the normal  operating 
temperature  of 1650 C. Thus, by merely controlling the cathode temper-  
a ture  the anode temperature  may be controlled to any temperature below 
1000 C so that a curve of maximum inverse anode voltage versus  anode tem- 
pera ture  may be established. To avoid any compatibility problem that might 
a r i s e  f rom the use of one of the metallic-vapor fills, this first tube will be 
filled with about 50 microns of xenon. 

This tube contains a specially designed anode that 

0 

0 

0’ 
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Figure 17 - Schematic of Test  Vehicle, Design E 
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0 If the tes t  resul ts  indicate voltage stability in a 600 C ambient, the 
design of a 15-ampere thoriated-tungsten cathode will be undertaken. 

2 9  
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PROGRAM FOR NEXT INTERVAL 

During the next report  period, diodes having the following special 
features  will be assembled, exhausted and tested: 

1. Thoriated-tungsten cathode with xenon f i l l  

2 .  Barium cathode with thallium f i l l  

An investigation will also be conducted in which antimony, bismuth 
and lead a r e  used as f i l l  materials.  
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Development of 

HIGH- TEMPERATURE, HIGH-CURRENT, ALKALI-METAL 
VAPOR-FILLED CERAMIC THYRATRONS AND RECTIFIERS 

by 
A. W. Coolidge 

ABSTRACT 

Work was completed on tubes using alkali-halides. Palladium- 
cobalt brazing alloy proved to be compatible with cesium iodide. 
emission, however, was poor. 

Cathode 

Hafnium and zirconium- carbide were evaluated as anode mater ia l s  
in cesium-filled diodes and found to be essentially the same as plain 
molybdenum. 

Rubidium was compared to cesium as a filling agent. Tes t  data 
indicates that the heat-sink temperature for  cesium- o r  rubidium-filled 
thyratrons o r  diodes should not exceed 300 C. 

0 

The use of (1) thoriated tungsten as a cathode mater ia l ,  and (2) vapor- 
f i l l  mater ia ls  other than alkali metals a r e  discussed. 

31 

. 


